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ABSTRACT 


Prior to 1940 there were few industrial plants in which 
the workers could listen to music while they worked. The 
situation is now such that almost the reverse is true. The 
tremendous increase in the playing of music ín industry has 
caused, and in turn has been caused by, many studies of the 
effects of music in terms of higher production rates, better 
employee morale and the resultant better employee-employer 
relations. 

While the factor of a change in the motivation of the 
employees has most likely been responsible for some of the 
cases in which an increase in the rate of production has 
been observed, it seemed possible that some physiological 
change might have been produced in the employees by the music, 
which change could account for some of the increase in the 
production rates. If the physiological change were such as 
to cause a reduction in the energy expenditure necessary to 
perform any given task, then that task could be performed a 
greater number of times for the same total energy expenditure 
as was used before the change took place. 

A method fr the quantitative determination of human en- 
ergy expenditure does exist. This method consists of the 
measurement of the body metabolism. 

Previous work at Purdue University has demonstrated that 


a medical metabolism tester is capable of detecting small 
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changes in human energy expenditure? The tester used in this 
previous work was a standard model manufactured by the San- 
born Company. This same tester was used in this experiment 
for the determination of the energy expenditure requirements 
attributable to the effect of music. 

The body metabolism rates of ten persons were measured 
while these persons were subjected to backgrounds of noise 
and to backgrounds of noise plus music. While subjectec to 
these backgrounds, all persons performed the same task, at 
the same fixed pace, for the same lengths of time.  Environ- 
mental conditions and all other factors associated with the 
conduct of the —— were held as nearly constant as 
possible. Five metabolism ratos were obtained for each per- 
son, The first and fifth rates were taken when only the 
noise background was being used. Each of the other three 
rates was taken with a background of noise plus music. The 
noise was produced by a recording of an operating eutomatic 
screw machine and it was kept at a constant level of eighty 
decibels. Three different musical recordings were used anc 
the average noise level of each was also kept constant at 
eighty decibels. 

A statistical analysis of the metabolic rates thus ob- 


tained indicates that there is no significant variation be- 
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tween the rates for the three musical selections nor is there 
a significant variation between the rates for the conditions 
of noise versus noise plus music. Any physiological change 
which may have been produced by the music is not evidenced 

by a corresponding change in the body metabolism. 
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THE EFFECT OF MUSIC ON THE METABOLIC RATE OF WORKERS 
INTRODUCTION 

The problem of accounting for the higher rates of pro- 
duction which have accompanied the introduction of periods 
of musical programming in some industrial installations is an 
interesting one. While the investigation of the effect of 
certain types of music on the metabolic rates of workers was 
the announced purpose of this thesis, another purpose, and 
perhaps the most important one, was the investigation of the 
feasibility of the use of the Sanborn EIS metabolism tester 
to evaluate the effecta of other mental and emotional stimuli 
upon the individual in an industrial situation. Any method 
of measuring the effects of such stimuli would be a valuable 
industrial engineering tool. 

ል survey of the literature discloses that music tends to 
affect the psychogalvanic reflex, electrocardiogram, blood 
pressure, pulse, and breathing rate. 

By auditory stimuli, metabolism can be controlled, mis- 
cular fatigue can be increased or decreased, and the thresh- 
old of sensory perception can be controlled.? It has been 
shown that traffic and office noises initially affect the 
metabolic rates of persons doing clerical tasks, but that 
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which period varies with the person being tested, the meta- 
bolic rates return to their pre-noise values) 

There are widespread misconceptions of the effect of 
music in industry. Some of these are as follows? 

Music (any music) plus industry (any industry) equals 
music in industry. Music thus defined is a good thing. 
It works like a slot machine; you put in the music and 
out comes your production increase. 

Feed people the auditory equivalent of candy and they 
will be grateful to you. 

Base programming on a music popularity poll. Give them 
what they ask for; after all, the purpose is to keep 
them happy. 

The primary objective of msic in industry mst be the 
establishment and maintenance of a desired emotional rela- 
tionship between the man, his work end his environment. 

It must turn the employee out at the end of the day in 
& better psychological and physiological condition than he 
would have enjoyed had no music been employed? The same can 
be said of any mental or emotional stimulus to which the em- 


ployee might be exposed. Obviously, some method of measur- 
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ing the effects of various stimuli is needed. It was thought 
that the Sanborn EIS metabolic tester might be the tool around 
which such a method could be built. 
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EXPERIMENTAL PROCEDURE 


Purpose 
The primary purpose of this experiment was to determine 


the effect, 1f any, of music upon the rate of energy expendi- 
ture of workers performing a prescribed task. If a relation- 
ship were shown to exist, between the presence or absence of 
music and the rate of energy expenditure, a secondary purpose 
was to be the determination of the type of music which pro- 
duces the smallest rate of energy expenditure. 


Method 
It was decided that the Sanborn EIS metabolism tester 


would be used to measure the rates of anergy expenditure by 
measuring the metabolic rates of the workers while they were 
performing the prescribed task with a background of random 
noise and with a background of random noise plus selected 
types of music. 

ln order to minimize the effects of variables other than 
the music; the prescribed task, the pace, the noise level 
(both background and music), and the testing schedule were 
fixed for all workers and for all tests given to each worker. 
The order in which the types of music were presented to each 
worker was randomized so as to eliminate any trends attribut- 
able to the order of presentation. Table 2 shows the order 
of presentation used for each worker. 

The typos of music used were selected from among the 


thirteen types on which attitude measurements, as shown on 
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5. 


the "Attitudes Towards Music" scale developed by RCA, were 
available! The selections were: 







Washin | Post, March, American Legion Band of Holly- 
wood, California, Joe Colling, Director. Decca Person- 
ality Series, 23921 Λο 





Copenhagen, Instrumental, Pee Wee Hunt And His Orchestra. 
Capitol, 131 a 


Blue Danube, Waltz, Wayne King and His Orchestra. RCA 
Victor, 27516 


The task was a simple one, repetitive in nature, so as 
to remove the effects of practice from the physical and mental 
ease with which the task might be performed. 

The use of a controlled and fixed pace for the perform- 
ance of the task was made necessary by the fact that pace 
has been shown to affect the metabolic rate? 

À background of random noise was used for two reasons. 
First, the random noise level could be controlled at a fixed 
value (80 decibels) for all tasks, and second, the random 
noise background would more nearly approximate the background 
noise to be found in an actual industrial situation. 

The noise level of the music played was kept constant 
(80 decibels) since variations in noise level produce atti- 


tudes of annoyance in some people? and this annoyance could 


7. Kerr, W.A,, "Attitudes Towards Types Of Industrial Music," 
Journal Of The Acoustic Soc Οἱ Αι 


| merica, October, 1943, 
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9. Halpin, D.D., "Industrial Music And Morale," Journal ος The 
Acoustical Society Of America, October, 1943, vol.15, (۱10۳2 ۰ 


PLA, aa nd کی‎ 
πίω es : 


ume “AA YG hegui biana Tols idees? عفد »اسان‎ 
coa ከወፍ ፲8ቋ ጋሂ سیا‎ ٢ 


— — 


امس عل A‏ لام هه ΜΑΙ ἱπά‏ ۳۳9۵0 


Ls e 


— — خر وښو 
OR‏ سو می ἐμο]ωοὰς νίν med ፀ6,/998ግ9 Yo sael‏ هسوا 
ሚር መአና ል... ም ΙΝ‏ 
x dm ilm(o? & 30 sav iR Ἢ‏ 
ο ο οφ,‏ 
ም መክ‏ ——— | 
۸ صو وټ 1۵ autom moos‏ سه ርም እ‏ 
EROEEEE‏ چم سجرج ووه يسيج Ὃν‏ 
ο ena ο.‏ 
rada eros Liros Numpad mios‏ 
re eee‏ 
ድፉ ^ie wis Yo Lrmal walor eT‏ 
ο. ναών (878239 «αἱ‏ 
manama j7 σσ Ἶ ο πο‏ 



































E D 
lc a تور‎ 






elev, r» Kn 












6, 
be reflected in test results. 


Task 
The task performed by the workers consisted of taking 


polished steel balls, one at a time, from the end of a rubber 
tube and transporting the balls to the other end of the tube 
into which they were dropped. The balls weighed approximately 
three-fourths of an ounce each and were eleven-sixteenths of 
an inch in diameter. The rubber tube was of three-fourths 
inch inside dianeter, eighteen inches long, and was mounted 

in such a way that one end was eight inches above and four- 
teen inches to one side of the other end. The upper end was 
forced over a one inch outside diameter, three-fourths inch 
inside diameter, two inch long piece of pipe which in turm was 
inserted in a hole in a wooden platform. The hole in the 
platform was countersunk so as to provide a slight funneling 
effect. The lower end of the tube was cut away so as to pro- 
vide an open trough for the last inch of the ball's travel. 

À stop was provided against which the bells came to rest. The 
workers moved the balls from the lower end of the tube to the 
upper end, using one arm only, at the rate of forty-eight balls 
per minute. This pace was controlled and facilitated by hav- 
ing the workers coordinate their arm movements with the pendu- 
lum of a metronome which was set to make ninety-eight beats 
per minute. The workers were coached to disregard any dropped 
balls and to continue the arm movement without a ball rather 


than to break the established rhythm in an effort to retrieve 
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a ball or pick up another one. Dropped balls were fed back 
into the tube by the person conducting the experiment. Be- 
fore the experiment began, each worker was seated in a chair 
before the workplace in whichever position best suited him. 
This position was held throughout the experiment. ' 


lest Procedure 


The test was conducted in a room from which all persons 
were excluded with the exception of the worker and the person 
conducting the experiment. In this manner, many distracting 
influences, which might have affected the test results, were 
eliminated. On a day prior to the day of the test, each 
worker was given a briefing on the purpose of the test, the 
nature of the metabolic equipment, and the manner in which 
the task was to be performed. Each worker then practiced the 
task for ten minutes during which time he was exposed to per- 
iods of noise and noise plus music. During this time the 
worker was connected to the metabolic tester in order to ac- 
custom him to its use. Nó mention of the expected results or 
previous results was made to the worker at any time, 

All tests on all workers followed the same schedule. 
With the time of arrival of the worker at the testing room 
as "zero" time, the following schedule was adhered to at all 
times: 

lime Elapsed Time Action 
O-10 10 minutes ል recording of noise was started 
and brought to a level of eighty 
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10-15 


15=20 


20-25 


25-30 


30-35 


35-40 
40-45 
45-50 
50-55 
55-60 


5 minutes 


5 minutes 


5 minutes 


5 minutes 


5 minutes 


5 minutes 
5 minutes 
5 minutes 
5 minutes 


5 minutes 


decibels. The worker rested on a cot. 
Just prior to the end of the ten min- 
ute period, the worker was seated in 
the chair at the work area and was con- 
nected to the metabolic tester. 

The worker performed the task while 
breathing room air through the meta- 
bolic equipment. 

Without knowledge of the worker the 
metabolic equipment was turned on and 
& record run was made. 

The worker was disconnected from the 
equipment but remained seated at the 
work area. 

A recording of musíc was started. The 
worker was connected to the equipment 
and performed the task while breathing 
room air through the equipment. 
Without knowledge of the worker, the 
metabolic equipment was turned on and 
a record run was made, after which the 
music was stopped. 

same as 20-25 

Same as 25-30 

Same as 30-35 

Same as 20-25 

Same as 25-30 
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CALCULATIONS, RESULTS AND CONCLUSIONS 


Calculations 

The Sanborn EIS metabolic tester is designed to measure 
the metabolic rate by measuring the rate of oxygen consumption. 
Essentially, the tester consists of a set of breathing tubes 
which lead to a spirometer bell which is free to rise and fall 
in an enclosing water tank as the volume of gases in the bell 
increases or decreases. The bell is filled with oxygen before 
the start of each test. As the individual being tested inhales 
through the breathing tubes, he draws oxygen from the spiro- 
meter bell, and the bell falls. As the individual exhales, the 
products of exhalation pass to the bell via a filter which re- 
moves the carbon dioxide that has been zenerated by the indivi- 
dualt*s energy expenditure. Thus, the bell, while rising, does 
not rise to its original position. The difference in height be- 
tween the positions of the bell after successive exhalations is 
& measure of the amount of oxygen consumed by the individual 
between these exhalations. 

Through a system of linkages, a stylus is attached to the 
bell and moves with it. This stylus traces the vertical move- 
ments of the bell on a paper-backed, wax-faced chart wrapped 
around a cylinder. The cylinder is turned by a synchronous 
motor. Therefore, the ordinates of the saw-toothed line in- 
scribed on the chart represent the vertical positions of the 
spirometer bell and the abscissa of the chart represent time, 


If the person being tested consumes oxygen at a constant 
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rate, and the tidal volume (i.e., volume retained in the lungs 
at the end of each inhalation and exhalation) remains constant, 
as would occur when a perfect operator performed a repetitive 
task at a constant pace, the peaks of the saw toothed graph 
generated by the metabolic equipment form a straight linet? 
The slope of this line represents the rate of oxygen consunp- 
tion or energy expenditure. 

Since the individuals tested were not perfect operators, 
the volumes of the respiratory cycles were not constant, and 
the peaks of the charts did not fall on a straight line. It 
was necessary to calculate the slope of the line of best fit 
through the points of each chart using the method of least 
squares. Since each chart represented all the respiratory 
cycles for a four minute period (45-90 cycles), a sampling 
plan was devised which allowed the computation of the slope 
of the line of best fit from as few as thirty peak points. 
These points were selected as follows: five from the first 
ten points of the chart; five from the last ten points of the 
chart; and at least twenty egually spaced throughout the re- 
maining points of the chart. The results of the calculations 
are given in Table 3 and Table 4. 

The L, test for homogeneity of variance!) was applied to 


12 


the data. The analysis of variance technique^^ was then used 
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to evaluate the significance of the data. 
All the raw data for the calculations are deposited in 
the Motion and Time Laboratory at Purdue University. 


Results 
The Ly test for homogeneity of variances upheld the hypo- 


thesis that the column samples belonged to normal populations 
of the same variance. The test rejected the hypothesis that 
the rv samples belonged to normal populations of the same 
variance. 

The analysis of variance indicated that the only signifi- 
cant variance at either the 5% or 1% level was the variance be- 
tween individuals. There was no significant variance attribu- 
table to the presence or absence of music, nor was there a sig- 
nificant variance caused by any specific selection of music. 
Neither was there a significant variance due to the order of 
presentation of the musical selections or to the skill which 
was gained in performing the task between the first and last 
tests for each individual. The calculations of the L, test 
and the analysis of variance tests are included in Appendix B. 





It may be concluded from the results of the experiment 
that music of the three comprehensive types used does not 
affect the metabolic rates of workers performing a given task, 


the energy expenditure requirements of which are a function 
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of the pace?? et which the task is performed, 

Although statistical studies have shown that factory pro- 
duction has increased when music was used in certain selected 
industriesl^ the results of this experiment indicate that these 
production increases probably were not achieved without a cor- 
responding increase in the amount of energy expenditure on the 
part of the employees. 
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TABLE 2 
ORDER OF PRESENTATION OF NOISE AND MUSIC 


Noise 
Washington Post March plus Noise 
Copenhagen plus Noise 


Blue Danube plus Noise 
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L, TEST OF COLUMNS OF TABLE 3 





( Variance) 
- 0  —— . w 
1 (beginning) 4.669 2.281165 | 
2 4.600 2.240208 
3 h. 504 2.141052 
k 4.460 2.101502 
Variance s= NSX? - (sx)? where N = no. of values per 
N2 column. 
Variance] (beg.)z 10(2.281165)-(4,669)? 5 
102 


=a 22 8 = 2 « ፅ = 29101209 
160 


Variance, = 10(2.240208) - (4.600)? 
103 
= 22.10208 - 21.16000 = .0124208 


107 


Variance, = 10(2.101502) - (1.460)? 


102 


= 21.01502 - 19.89160 = „0112342 


Variance) ( eng) - 10(2.057604) - (4.424)? 
10 


Toya sal 


wt) =‏ سا 


, 
1 








2 ki 
8۵6 2۰ < Ë 
awa 165; z ενω ἐπα 
1 





425,235. = DORAD 7 SDS 


5L wh) - 1 00174 al 3 í bone | ΣΤ 
mm ei) Ἢ 








ale 





S Variance = «0550635 


Arithmetic mean = Va: = «0110127 
s Of columns 


Log Variance: (veg. ) za 8.005223 - 10 






Log Variance, = 6.094156 - 10 
Log Variance, = 8.050959 = 30 
Log Variance, = 8.050534 = 10 
Log Variance, 534) =. 8.001842 - 10 
S Log Variance = 10.202714, - 50 


— — = 8.040543 = 10 
0,05 COLUMAS 


Geometric Mean = 5 


MOLI LE 9o ui. = 5 8 ë 
tic mean -“8ቅትስተ2ን "ΘΝ 


2 Level _1% Level 
Significant L} Values 95025 «7350 


(5 columns, 10 values/column) 


L) z 





Š: summation 





[በወ/8ር82'ኣ።ፍ ዘደወና 0. , 855835 1 
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L, TEST OF ROWS OF TABLE 3 





San S— NE, uu... 


Á 2.657 1.418035 
B 3.536 2.501650 
ር 2.097 0.879969 
D 1.9721 0.777227 
E 2.387 1.143395 
F 2.378 1.148626 
G 2.217 0.984677 
H 1.640 0. 538156 
ፒ 1.918 0.739258 


Q 


Variance * N gx? - (5X ‚2 where N € no. of values per row 
2 
H 


Variance,* 5(1.418035) - (2.657) η 
52 


= „00122104 
Variance,= 5(2.501650) - (3.536) = 12.508250 - 12.503296 
52 


25 
= „00019816 
Varianceg* 5(.879969) - (2.097)? = 4.399845 - 4.397409 
52 25 
s -00009744 
Variance,= 5(.777227) - (1.971)? = 3.386135 - 3.884841 
52 25 


= 5 00005176 








Variance, = ደ 





z .00076621, 
Variance, * 5(1.148626) - 2.378)" = 5.743130 - 5.654884 
5 25 
< ۰0035298 
Variance, = 5(.984677) - (2.217)2 s 4.923385 - 4.915089 
5 25 
= „00033184 
Variance, = 5[.538156), = (1.640)? = 2.690780 - 2.689600 
5 25 
52 25 
.00070264, 


= 
Variance; = 51.690538) - (1.856)? = 3.452690 - 3.444736 
5 25 


t .00031816 
3 Variance = „00726632 


Arithmetic mean - 8 ን cc = .000726632 
O. OI rows 


Log Variance, = 7.086733 - 30 
Log Variance, = 6.297016 - 10 
Log Variance, = 5.988737 - 10 
Log Variancep z 5.713994 - 10 
Log Variance, z 6.885497 - 10 
Log Variance, z 7.547752 - 10 
Log Variance, = 6.520928 - 10 
Log Variance, z 5.673942 - 10 


Log Variance, e 6.846733 - 10 
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Log Variance, s 6.502646 = 10 
5 Log Variances 65.063978 -100 


-..-=:ሙ „= 6.5063978 - 10 


Geometric Mean s «00022092 








 .441655 








25 Level 1% Level 
Significant L; Values .6318 «5556 


(10 rows, 5 values/row) 





ὃ; summation 
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Lj TEST OF COLUMNS OF TABLE 4 





پسښ8۳ ينس ۷د اب 


First 4.669 2.281165 
Second 4.571 2.210963 
Third 4.517 2.163653 
Fourth 4.476 2.108146 





| 2 
Variance = nr” - "ږې‎ where N = No. of values per 
N column. 


| 2 
Variance),, = s 
10 


= 22.81165 - 21.79956 = .0101209 
100 


40 
s 22.10963 - — = «0121559 


10( 2.163653) (1 517)? 
103 


3 — — — «ዕህ2322 = .0123324 


Var lance, en = ()6 | - . 6 « 
10 


E — — - 20.034,58 = 0104688 


Variances} =>. 2.0 6 -. 


305 





ረጁ Z .0100426 





S Variance = .0551206 
Arithmetic mean = — — 
«οἱ COLUMAS 


8.005223 - 10 
8.084790 - 10 





log Variance) gt 


Log Variance, η 


Log Variance;.., = 8.091034 - 10 


Log Variance,ey = 8.019905 - 10 


Log Variancesyy = 8.001842 - 10 


9 Log Variance 2 40.202794 =- 50 


የንን ይም ርክ = 8.040559 - 10 


Geometric Mean s»  .010979 


= ric me * 
Ly — — en د‎ -LT = .99592 


S; summation 
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ANALYSIS OF VARIANCE 





s 10.821531 - (22.657)? 

= 10821531 ۰ 9619 
50 

8ه چ 


SX)? o | A thru J - (SX)? 


> 


N N 


(2.657)? + (3.536)2 + (2.097)2 + (1.971)2 + (2.387)2 


5 


- 10.266793 
539.25997 - 10.266793 = 10.785199 - 10.266793 
= * 518406 


Conditions of Noise vs Music 
SX)? no e (sx)? - (sx)* 
(Sal ueise ሀ N 
(9.923212 s (23,364) - 10.266793 


82.682619 + 183.982096 - 10.266793 
PM n 


= 5.134132 » 6.132736 - 10.266793 = 85 


#[58#፪.853 ο (۱ «٧٣٢ اوه ۱۸" د (ی‎ 


የና 68.94 + RETA α ως... ፥ 
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e‏ رن موه ) 


OMNEM. a 
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Within Noise 





ሌ»33733ሌ - ሴ»336332 ሬ .003002 





Within Music 
(5X9)? « (S34)? « (SX,)? - (SX, + SL, + SX,)2 
3 : 
(4.600)? « (4.504)? + (4.460)? - (13.564)* 
10 30 
61.327616 = — — = 6.133762 = 6.132736 
= 06 
፳: 0 f Pr t on 
(SX2pg)% + (533,1)2 ቅ (8366) " - (SXang + SXgrq * SXyen)? 
N and ቀ Nara + Nich Nana LI Nara + Neth 
3 
(4.571)? * (4.517)? + (¿.b76)2 - (13.564)* 
10 30 


= «000455 


21.3319 = 182282026 52 6.133191 - 6.132736 


S: summation 
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